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osting by EAbstract Capillary electrophoresis (CE) method was developed for screening plant extract for
potential alpha amylase (AA) inhibitory activity. The method was validated against a well estab-
lished UV method. Overall, the proposed method was shown able to detect plants with signiﬁcant
alpha amylase inhibitory activity but not those with rather clinically insigniﬁcant activities. Fifty
plant species were screened using both the proposed CE method and the UV method and seven
plant species were found to possess signiﬁcant AA inhibitory activities. Two plant species were
proved to have alpha amylase inhibitory activity for the ﬁrst time.
ª 2010 King Saud University. All rights reserved.1. Introduction
Diabetes mellitus is a serious health problem that is related to
defected glucose utilization. A potential approach for dealing
with the problem could be through inhibition of the major
digestive enzymes responsible for the break down of carbohy-
drates. Alpha amylases (AA) and alpha glucosidases (AG)
have been looked at as potential targets to control diabetes
since 1960s (Jung et al., 1996). However it was not before
the early 1990s when the ﬁrst alpha glucosidase (alpha amylase
as well) inhibitor, known as acarbose, came into clinical use.I. Hamdan).
ity. All rights reserved. Peer-
d University.
lsevier(Jung et al., 1996; Lebovitz, 1997; Scheen, 2003). However, a
major side effect associated with the use of acarbose is ﬂatu-
lence (Scheen, 2003). Therefore, the search for more effective
compounds with less side effects continues and appeared to
have gained increasing interest in recent years (Ali et al.,
2006; Kim et al., 2004; McDougall et al., 2005; McCue
et al., 2004).
Alpha amylase inhibitory activity has been demonstrated in a
number of plant extracts including Hibiscus sabdariffa (Han-
sawasdi et al., 2000), Artocarpus heterophyllus (Kotowaroo
et al., 2006), Amaranthus hypochondriacus seeds (Martins
et al., 2001), Punica granatum, Mangifera indica (Prashanth
et al., 2001) Arecae Semen and Corni Fructus (Choi et al.,
2000). Some fruit extracts like strawberry and raspberry have
also been shown to have alpha amylase inhibitory activity
(McDougall et al., 2005).
The availability of simple, informative and rapid method
for screening of large number of plant extracts for AA inhibi-
tory activity would facilitate and boost the search for effective
inhibitors. Few methods for detecting AA inhibitors have been
reported. These include spectroscopic (Fuwa, 1954; Shekib
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methods (Fontanini et al., 2007). However, the reported tech-
niques still require relatively long run times which does not
facilitate screening large number of plant extracts. To the best
of our knowledge capillary electrophoresis (CE) has not been
used for screening plant extracts for AA inhibitory activity.
CE has been demonstrated as an important technique in
studying the interaction process between drugs and various pro-
teins including enzymes (Neubert and Ruttinger, 2003). Inspite
of the large number of approaches that have been reported for
this kind of studies by CE, two major types of methodology
can be deﬁned: (1) afﬁnity CE and (2) incubation method. In
afﬁnity CE the ligand is incorporated in the running buffer at
increasing concentrations and chromatograms obtained for the
protein solution. The observed shift in migration time (or peak
area) is taken as evidence on potential interaction between the li-
gand and the proteinmolecule (Neubert andRuttinger, 2003). In
the incubationmethod,both theprotein and thedrug (ligand) are
incubated in solution which is then subjected to electrophoresis.
If the binding of the ligand to protein was sufﬁciently strong and
a stable complex is formed then a peak for the emerged complex
might be separable from other constituents. Thus the binding
process could be studied. In this paper, the potential of CE to
detect AA inhibitors in plant extracts is investigated. In this
study, a CE method was developed for preliminary detection
ofAA inhibitors and employed for screening of 50 plant extracts.
Results obtained by CE were compared with those obtained for
the same plant species using a previously reported and validated
spectroscopic method (Abu Soud et al., 2002).
2. Experimental
2.1. Plants and materials
All of the examined plants were collected directly from their
natural environment, dried and identiﬁed properly against
authentic herbarium samples in the Faculty of Pharmacy –
University of Jordan and by Prof. B. Abu-Irmaileh, Faculty
of Agriculture, University of Jordan. Puriﬁed porcine pancre-
atic alpha amylase was obtained from ICN Biochemicals
(Ohio, USA). All other reagents and solvents were obtained
from Merck (Germany). Distilled water was used for the prep-
aration of the different solutions.
2.2. Equipment
All spectroscopic measurements were made using a Cary UV/
Viz spectrophotometer. Agilent CE system (Waldbronn,
Germany) equipped with diode array detector was employed
for all CE experiments. Fused silica capillaries (50 mm i.d.,
370 mm o.d.) · 48.5 cm (effective length 40 cm) were obtained
from Composite metal services Ltd. (London, UK). The ﬁnally
recommended electrophoretic conditions were a running buffer
composed of 50 mM borate at pH 8.0 and a voltage of 20 kV
with a capillary temperature maintained at 37 C. Samples were
introduced hydro-dynamically for 50 s.
2.3. Preparation of the extracts
All plants were dried, ground and then passed through a
40-mesh sieve. Of the sieved material 1 g of each plant wasextracted with 10 ml of 50% methanol water by incubating in
a water bath at 50 C for 30 min as described by Hansawasdi
et al. (2000). The obtained extract was centrifuged and ﬁltered
before being subjected to alpha amylase inhibitory test. All
plants were screened phyto-chemically according to Wagner
(Wagner and Bladt, 1996).
2.4. Spectroscopic AA inhibitory test
Iodine solution was prepared by dissolving 0.254 g I2 and 4.0 g
KI in 1 l of distilled water. Starch solution was prepared by
dissolving 1 g of starch in 10 ml of distilled water, gently
boiled, cooled and completed to 100 ml with distilled water.
Amylase solution was prepared by transferring 6 ll of the stan-
dard porcine pancreatic amylase suspension (40 mg/ml) to 8 ml
of phosphate buffer (pH 6.9).
AA inhibitory activity was based on the starch-iodine meth-
od that was originally developed by Fuwa (1954) and later em-
ployed by others for determination of amylase activity in
clinical samples (Close and Street, 1958) or in plant extracts
(Shekib et al., 1988) with some modiﬁcations. Recently the
same principle of starch-iodine method was utilized in a micro-
plate procedure for determination of the activity of the amy-
lase enzyme. However, the method was thoroughly optimized
and validated in the lab before being employed in this study
(Abu Soud et al., 2002, 2003). Brieﬂy, control and test solu-
tions were prepared as follows: 0.3 ml of amylase solution
was transferred to a sample tube containing 0.3 ml of the ex-
tract to be tested (substituted by the solvent of extraction in
the case of control) and 0.6 ml phosphate buffer (pH 6.9).
The mixture was incubated at 37 C for 15 min. Aliquots
(0.4 ml) of that incubate were transferred to sample tubes con-
taining 3 ml starch (1 g%) and 2 ml of phosphate buffer (pH
6.5) and the mixture was re-incubated for 45 min. At zero time
and at the end of the incubation period; 0.1 ml of the reaction
mixture was withdrawn from each tube after mixing and dis-
charged into 10 ml of iodine solution. Solutions were thoroughly
mixed and the absorbance measured immediately at 565 nm.
Percentage inhibition was calculated according to the formula:
½ðA0  AtÞcontrol  ðA0  AtÞsample=ðA0  AtÞcontrol  100%
where A0 and At are the absorbance values at zero time and at
the end of the incubation respectively. Each experiment was re-
peated three to four times and average values were reported.
2.5. Proposed CE method for detecting AA inhibitors
Although different conditions have been examined, the ﬁnally
recommended approach was that of the incubation method. In
the incubation method 200 ll of the plant extract to be tested
was incubated with 10 and 20 ll (separately) of the alpha amy-
lase solution for 30 min then diluted with 300 ll of the running
buffer and subjected to electrophoresis (borate buffer pH 8.0)
such sample was compared with that of an appropriate blank
which was composed of the plant extract to be tested and run-
ning buffer but no AA. Signiﬁcant and progressive changes in
the peak shapes of the constituents of the extract were taken as
evidence of AA inhibitory activity. For conﬁrmation, the re-
sults obtained with the proposed CE method were compared
with those obtained by a well-established spectroscopic
method.
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Many of the reported CE methods for studying the interaction
between drugs and large biomolecules relied on a form of afﬁn-
ity CE. In afﬁnity CE usually the large biopolymer i.e. protein
such as albumin, is injected using a buffer containing increas-
ing concentrations of the ligand to be studied (Neubert and
Ruttinger, 2003). Preliminary trials showed that incorporation
of AA into the running buffer was not practical due to ten-
dency of enzyme to adsorb onto the wall of the capillary and
subsequent effect on the following injections. Moreover; addi-
tion of AA to the running buffer was also not practical due to
the need of relatively large amounts of rather expensive biolog-
ical enzyme material.
Another potential approach for studying a likely interac-
tion (inhibition) between some of a plant extract components
and AA could be by adding the extract to be tested to the run-
ning buffer and injecting a sample of AA. When the obtained
electropherograms (e-gram) were compared to that obtained
with a buffer lacking the plant extract, a change in the peak
of AA would be an evidence for potential interaction. How-
ever, when this approach was attempted with different plant
extracts such as Aloe vera and Osyris alba it was found not
practical due to the highly variable composition of the plant
extracts. Presence of the plant extract in the background elec-
trolyte was found to decrease the detectability (sensitivity) of
the method if the extract contained highly UV absorbing mate-
rial. Many plant extracts were found to contain high UV
absorption background that decreases the sensitivity of the
method to the extent that no peak could be observed for the
enzyme (AA). Moreover, presence of the plant extract in the
running buffer was found to alter the retention time of the en-0 1 2 3 4
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Figure 1 Representative electropherograms of Aloe vera extract in (A
indicate the peaks that showed maximum change due to incubation wi
migration times of peaks.zyme (AA) in unpredictable manner due to variable composi-
tion of the various extracts. Therefore the incubation approach
was attempted next.
In the incubation approach, samples containing the plant
extract to be tested were incubated with increasing concentra-
tions of the enzyme (30 min), e-grams were obtained for each
sample and compared to the control which is a sample of plant
extract to be tested without the enzyme. Of course, different
plant extracts contained different constituents and conse-
quently they exhibited variable number of peaks in their
respective e-grams. It was also anticipated that many compo-
nents of the tested extracts might not be resolved from each
other at the employed electrophoretic conditions. However
separation of the components of the various extracts was not
necessary. The criteria that were employed to judge if a plant
extract would have an AA inhibitory activity were that: if
the e-gram in the presence of AA showed certain changes in
the peak shape or retention times of one ore more components
of the extract. Such anticipated changes would have resulted
from the formation of the enzyme inhibitor complex, where
the inhibitor is a component of the plant extract.
When the incubation approach was applied to several plant
extracts, the anticipated changes in peak area and shapes of the
peaks of some components of certain extracts were observed
(Fig. 1). Typical example for demonstrating the change in peak
area of a potential inhibitor in plant extracts was that of Aloe
vera (Fig. 1). The e-gram of Aloe vera extract showed at least
10 peaks under the employed electrophoretic conditions. When
the extract was incubated with the enzyme (AA) three peaks
out of the 10 peaks were selectively altered in terms of the peak
area as well as migration times (Fig. 1). Accordingly Aloe vera
was concluded to contain AA inhibitory activity and this wasmin5 6 7 8 9
min6 7 8 9
B 
A 
e (min) 
) incubated alone and in (B) incubated with AA enzyme. Arrows
th AA. Dotted lines were added to demonstrate potential shifts in
Table 1 Results of potential inhibition by both UV method and the proposed CE method.
Plant Percentage
inhibition UV
method
Potential
inhibition
by CE method
Plant Percentage
inhibition
UV method
Potential
inhibition
CE method
Alkanna strigosa Boiss.&Hohen. 3.1 – Nasturtium oﬃcinale R.Br. 0.3 –
Anagyris foetida L. 9.2 – Galium longifolium 5.2 –
Ankyropetalum gyrophoids Fenzi 4.4 – Hypericum triquetrifolium Turra 91.2 +
Annona reticulata 65.8 – Euphorbia hierosolymitana L. .09 –
Anthemis palaestina Reut. 20 – Inula viscosa (L.) Ait. 17 –
Inula graveolens L. 6.5 – Geranium robertianum L. 101 +
Apium graveolens L. 14 – Aloe vera 102 +
Arbutus andrachne L. 90.3 + Ajuga chia Schreb. 5.8 –
Capparis spinosa L. 1.7 – Iris nigricans Dinsmore 6.4 –
Cardaria draba (L.) Desv. 17 – Mercurialis annua L. 0.3 –
Salasola longifolia Forssk. 8.5 – Momordica balsamina L. 9.9 –
Centaurea iberica Trev. Ex Spreng. 16.1 – Ocimum basilicum L. 19.8 –
Cistus artica L. 75 + Ononis natrix L. 10 –
Achillea biberstenii Afan. 8.0 – Osyris alba L. 96 +
Achillea santolina L. 6.6 – Parietaria alsinifolia Del. 11 –
Convuloulus siculus L. 3.5 – Paritaria diﬀusa Mert. et Koch 16 –
Erucaria hispanica (L.) Druce 7.2 – Aesculus hippocastanii L. 102 +
Chichorium intybus L. 4.6 – Phlomis syriaca Boiss. 9.5 –
Euphorbia macroclada Boiss. 13.1 – Salvia dominica L. 3.4 –
Conzya bonariensis L. 6.6 – Sarcopoterium spinosum L. 85.2 +
Eruca sativa Miller 4.7 – Senecio vernalis Waldst.& Kit. 0.8 –
Euphorbia peplus L. 7.1 – Tilia cordata Miller 39.1 –
Euphorbia postrata Ait. 8.9 – Urtica dioica L. 0.7 –
Lepidium sativum L. 6.3 – Urtica urens L. 7.1 –
Vicia peregrine L. 8.5 – Varthemia iphionoids Boiss.&Bl. 0.3 –
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inhibitory activity for Aloe vera (Abu Soud et al., 2003) using
well-established spectroscopic techniques. The CE method was
applied to a total of 50 plant extracts that were also tested
using spectroscopic methods (Table 1).
Comparison of the results obtained by the spectroscopic
UV method and the proposed CE method could be summa-
rized as follows: All plant extracts that showed more than
85% inhibition using the spectroscopic techniques, were suc-
cessfully detected as extracts with potential AA inhibitory
activity. On the other hand, all substances with AA inhibitory
activity <70% (obtained by UV method) produced negative
results with the proposed CE method i.e. did not show relevant
changes in the e-gram by incubation with AA. Therefore it
could be concluded that the proposed CE method can detect
positively potential inhibitors in plant extract with signiﬁcant
AA inhibitory activity i.e. more than 85% on the UV method
scale. The proposed CE method might miss out plant extracts
with rather insigniﬁcant AA inhibitory activity (less than 70%
on the UV method scale). From previous experience with the
UV method and hypoglycemic effect on animals (Hamdan
and Aﬁﬁ, 2008), it could be concluded that an extract must ex-
hibit at least 90% inhibition on the UV method scale in order
to show detectable hypoglycemic affect on animals (in vivo).
Thus the proposed CE method was concluded to pick all
potentially clinically useful AA inhibitors in plant extracts,
while it might miss out inhibitory activities that are most likely
to be clinically ineffective.
In none of the tested extracts a new peak that might be
attributed to the complex was observed. That might be ex-
plained as a result of the weak and rapid kinetic of complex
formation, so that under the employed electrophoretic condi-tions the inhibitor and enzyme (AA) tend to migrate apart
from each other leading to break down of the complex during
electrophoresis. Therefore, no independent peak of the com-
plex is observed, instead, a broader peak with shorten height
and altered migration time is usually the result, as reported
previously for drug-DNA interactions when studied by CE
(Kanayama et al., 2008; Hamdan, 1998). It appeared that
was exactly the picture obtained in this study (Fig. 1). Inhibi-
tors that form weaker complexes with AA tend to dissociate
quickly (at the start of electrophoresis) and consequently result
in no signiﬁcant change in peak shape or migration time.
Over all, the screening process managed to identify seven
plant species that might have promising AA inhibitory activity.
These were: Arbutus andrachne, Hypericum triquetrifolium,
Geranium robertianum, Aloe vera, Osyris alba, Sarcopoterium
spinosum and Aesculus hippocastanii. Two plant species (Gera-
nium robertianum, Aesculus hippocastanii) have not been previ-
ously reported to have AA inhibitory activity, while other
plants have been reported by the authors (Hamdan and Aﬁﬁ,
2008). Careful examination of the likely phytochemical constit-
uents of these seven plant species reveals that all of them were
rich in both phenolic compounds and ﬂavonoids. Therefore,
the observed AA inhibitory activity could be attributed to
these constituents and this accords with previous reports
(Funke and Melzig, 2005; Rohn et al., 2002; Tadera et al.,
2006). Further studies are necessary and will be undertaken
including bio-activity guided fractionation to elucidate pre-
cisely the active constituents.
An additional advantage of the proposed CE method is its
potential identiﬁcation of the AA inhibitory component be-
cause it shows directly the peak that is altered by the presence
of AA. This is obvious in Fig. 1 where only selected peaks out
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indicating that those peaks corresponded to components with
AA inhibitory activity. However, in order to obtain useful
structural information regarding the potential AA inhibitor
the CE should be equipped with an MS detector instead of a
UV or diode array detector.
4. Conclusion
The suitability of CE to screen plant extracts for potential AA
inhibitors have been examined. Afﬁnity CE by either adding
the enzyme or the plant extract to the running buffer was
attempted but found unsuccessful. The incubation method,
where the plant extracts to be tested together with enzyme (AA)
were incubated for 30 min and then subjected to electrophoresis,
produced the desired results. The proposed CE method (incuba-
tion method) was found to detect all plant extracts that exhibit
AA inhibitory activity thatmight be of clinical importance.How-
ever, plant extracts with little AA inhibitory activity (that might
not be clinically important) might be missed out using the pro-
posedCEmethod. Thismight be seen as an advantage of the pro-
posed method as it directs focus to plant extracts with more
promising clinical effect.TheproposedCEmethodhas thepoten-
tial ofproviding structural information regarding the likely inhib-
itors if the instrument was equipped with an MS detector.Acknowledgement
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